SEMICONDUCTOR DEVICE AND METHOD OF FORMING BASE LEADS FROM BASE SUBSTRATE
AS STANDOFF FOR STACKING SEMICONDUCTOR DIE Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor device
and method of forming a plurality of base leads from a base substrate as a standoff for stacking
semiconductor die. Background of the Invention Semiconductor devices are commonlg found in

B
modern elé&%ﬁ%‘ﬁ’? R SEMERAACDr YETHEEE VAR, HARY Himh A Sh oL Ry TR &t
components. DiscreteSermeondittSrAACEE ERE afly Sﬁlﬁﬂ?oﬁgwgpaga?gapﬁnponent, e.g.,

light emitting diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MQSEET). Integrated semiconductor devices typically contain
ill i one Fos BVRNGTSR ' ices i
hundreds to millions of electrical comp . Example integratéd semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror
devices (DMDs). . . .
The present invention relates in general to

semiconductor devices and, more particularly, to a semiconductor
device and method of forming a plurality of base leads from a

base substrate as a standoff for stacking semiconductor die.
Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as signal processing, high-speed calculations,
transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and
creating visual projections for television displays.
Semiconductor devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



Semiconductor devices perform a wide range of functions such as signal processing, high-speed
calculations, transmitting and receiving electromagnetic signals, controlling electronic devices,
transforming sunlight to electricity, and creating visual projections for television displays. Semiconductor
devices are found in the fields of entertainment, communications, power conversion, networks,
computers, and consumer products. Semiconductor devices are also found in military applications,

aviation, S8tMHARe, MdISHT Tontrof8rsCand ofificeedifiprheR 2Te aS¥mitHAGCtoP devices exploit

the electrical prepsrties ol semiconductosmaterials, The adaicisirictyreRfsemigonductor material
allows its electrical_conductivity to be manipulated by the application of an electric field or base current or

through tHE8'pro&essdrHopiity. ping ftFsBUtRE SMparities into the semiconductor material to
manipulate and controktheicongaativityrofdbe Sesicendictartdeiee. e 1 ect r Acg@miconductor device
contains active and assiﬁle electrical structures. Activgﬁiltructure , including bié)olar and field gffect

transistors’ RBRtFGIthE oty SFRIeGREAIurEnt "By Varing I'eveE%ef Jopiny and appfication Sfan electric
field or basendursent, theotransistor eithempromates of restrictsithe flowcefrelectticalicuyrens. Passive
b LD e e S T e o
electrically.cormected-totformwircuitsavpich @nablecthedsgmingndudtopdevice ta pedore high-speed
Cmcmaﬂ%ﬁ@%%ﬁ@@&%u%%%%ﬂ%ggog%miconductor material to manipulate and

control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and
contains circuits formed by electrically connecting active and

passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to



Semiconductor devices are generally manufactured using two complex manufacturing processes, i.e.,
front-end manufacturing, and back-end manufacturing, each involving potentially hundreds of steps.
Front-end manufacturing Involves the formation of a plurality of die on the surface of a semiconductor
wafer. Each die is typically identical and contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing Involves singulating individual dje from the finished wafer

and packagmgithe dié 1o Proviase striRiralsispdreand eAvFGithertal Sofaiohon - One goal of
semiconductor manufastiging.is 10 produse; sivalriaemiconductardevices; Srpaklley davicastypically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller
semicon%&ﬁ&&ié&“ﬁﬁ\?@ Etiier FSOtpMTe whicH'R desiraBeVbr §halléPefd prdducts. A smaller die
size maydenachievad:by: ippravemeds & hedrent-ensmocass eesultingrinadie with smpalrrcbigher
density active an% rgassive c mponents.P?O{aLck-,end proceﬁres ma¥ resultig semico§ductor device
packaged'Rith & Smalférfobtpfint by Tmprévertéits if Blctftal itBroRREE T And PLckading materials.
Semiconducter devices aee often stacked fomefficient integratioablhe électricad intercoanection between
semiconduct%r d vices,fuch as Wafe(rjl.evel chig scale ackagg.(éNL%SEg]containin semgconductor die,
on muItip]EI)er feveéfs (%lD evis’cnéalntle%rratloln% and external devices can be a coﬁnﬁ@ﬂe With-Conductive
through siliconfuias (FSYY thnooghdwle gas(THN, Co-platedvcondustied piflars, lmndiconductive bumps.
These vecrltei%asl inCterconnect structures are costcl and timehgons aiglg_deumrg\gfjtpg manufgctrklging process,

dclIve dass mponents. cesse
and susceptlblé 0 hlgCh ét\r]ess, cra mg,lc\{) apse,pand other defects during formation. umrﬁ/ary of the

Inventionresult in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

Semiconductor devices are often stacked for efficient
integration. The electrical interconnection between
semiconductor devices, such as wafer level chip scale package
(WLCSP) containing semiconductor die, on multiple levels (3-D
device integration) and external devices can be accomplished
with conductive through silicon vias (TSV), through hole vias
(THV), Cu-plated conductive pillars, and conductive bumps.
These vertical interconnect structures are costly and time
consuming during the manufacturing process, and susceptible to
high stress, cracking, collapse, and other defects during

formation.
Summary of the Invention

A need exists to provide simple and cost-effective
vertical interconnect structure for stackable semiconductor
devices. Accordingly, in one embodiment, the present invention
is a method of making a semiconductor device comprising the

steps of providing a base substrate having first and second



A need exists to provide simple and cost-effective vertical interconnect structure for stackable
semiconductor devices. Accordingly, in one embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a base substrate having first and second
opposing surfaces, forming a first etch-resistant conductive layer over the first surface of the base
substrate, forming a second etch-resistant conductive layer over the second surface of the base
substrate?PPAAding afirst 86MmicontitElot U Raving SplGFtity 6£5dMpe forned evérdoftact pads on an
active surfage of thesfirst semicongducton eie; seowitingbedisisemiconductor diedenthe base substrate
with the bumps bonded to a first surface of the first etch-resistant conductive Layer, depasiting an
encapsul3RCEVEr (At first<emicoAdUCEPEiR Hrd Nase Sulssiratd SenfdVing' & poffor b the Hase substrate
to form etectricadlyisplatec haserdeads betwveerdopposing pedionsof the fiest eteh-resistant conductive
layer anqasec,ond etch-resistant con%u tive layer, and mounting a second sergiconductor die to the
encapsulait and aasepciﬁa Sutfade Of tHEHIRE efchEFARISIEN Conduifive TayBF Btk the base leads.

In another @mbediment,dhe poesertiéanvention is ammethodwaf twakidg @, semicanductordevice comprising
the steps_af providing.a base substrate having first and second opposing surfaces, forming a first
conductivfglf%’/gr 8\%%‘[%8?% Cs%?ffac%elo% ?ﬁéj t?étgee sﬁﬁg’t(?at%?%osfrtn%%g% a s%%:gﬁd %%ﬁdlg&%gayer over the
second sorfade of the basel sulistrate fmoentiig alfiestiSensicordudiordieite the first conductiveslayer over
the base fgbgtl[atedge %si i@% an erpcgggtélsg{l ?\é%rtthg \;irst S¢ n%ic ndUSCC'[OI’ gieianézln%scecsél%bstrate,
removing a portion of the base Substrate to form electrlcaﬁﬁ/ isolated base leads between opposing
portions ofithedirst dontleictivédkayer bad seeond tondactiverlayen and nbuntivigsa secdrsd serhiconductor
die to the.encapsyant apglfirst.onductivg layes betieen heiaseleads., oppodniapother embodiment,
the present invention is a method of making a semiconductor device comprising the steps of providing a
base subsfratelkaving firstamdisecohd Opposirgssuitares, formihra fivst cbndactivayeregercthe first
surface of the, base substrate forming a secqnd condugtive Jayer.aves the secongsurface of the base

substrate, mounting a first semiconductor die to the first conductive layer over the base substrate,
depositingHhLereupstiait overthelirstSemiconatttbr die and basé stbsfatel and Fémedingeportion of

the base substratedtoform elegtrically dselated-hase leads befyueen the firgt.copductiye Jayer and second
conductive layer. In another embodiment, the present invention is a semiconductor device

comprising a base subSfrafravieg fifstand <eeBhd oppdsingstiffabes A FirdtOndétive layer is formed
over the fitst sudacs oftheikape-substrate R seeend errductive daysr is farmed-@vesithe seeend surface

of the base substrate. A first semiconductor die is mounted over the first conductive layer. An encapsulant

is depositSPIVEHRE fifstsehficoriittordie dii'bdse Substiaté A pBRIoANST tRBASE Rebstrate is

removed 40 faram-electricadly, isolated dasedeads betwesnoppasing podionsiof the fikst conductive layer
and second conductive layer. A second semiconductor die is mounted over the encapsulant and first
Conducﬂﬁ%ﬁﬁ?@?8eﬁﬁééﬂ¥ﬁeQﬁﬁﬁ§E%gaitrate’ forming a second conductive layer

over the second surface of the base substrate, mounting a first
semiconductor die to the first conductive layer over the base
substrate, depositing an encapsulant over the first
semiconductor die and base substrate, removing a portion of the
base substrate to form electrically isolated base leads between
opposing portions of the first conductive layer and second
conductive layer, and mounting a second semiconductor die to the
encapsulant and first conductive layer between the base leads.
In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of

providing a base substrate having first and second opposing



Brief Description of the Drawings FIG. 1 illustrates a PCB with different types of packages
mounted over its surface; FIGs. 2a-2c illustrate further detail of the semiconductor packages
mounted over the PCB,; FIGs. 3a-3c illustrate a semiconductor wafer with a plurality of
semiconductor die separated by saw streets; FIGs. 4a-4j illustrate a process of forming a plurality of base

leads from a base substrate as a standoff for stacking semiconductor die; ,
surfaces, forming a first conductive layer over the first

surface of the base substrate, forming a second conductive layer
over the second surface of the base substrate, mounting a first
semiconductor die to the first conductive layer over the base
substrate, depositing an encapsulant over the first
semiconductor die and base substrate, and removing a portion of
the base substrate to form electrically isolated base leads
between the first conductive layer and second conductive layer.
In another embodiment, the present invention is a
semiconductor device comprising a base substrate having first
and second opposing surfaces. A first conductive layer is
formed over the first surface of the base substrate. A second
conductive layer is formed over the second surface of the base
substrate. A first semiconductor die is mounted over the first
conductive layer. An encapsulant is deposited over the first
semiconductor die and base substrate. A portion of the base
substrate is removed to form electrically isolated base leads
between opposing portions of the first conductive layer and
second conductive layer. A second semiconductor die is mounted
over the encapsulant and first conductive layer between the base

leads.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted over its surface;

FIGs. 2a-2c illustrate further detail of the
semiconductor packages mounted over the PCB;

FIGs. 3a-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by saw streets;

FIGs. 4a-4j illustrate a process of forming a



FIG. 5 illustrates a semiconductor package having base leads formed from a base substrate as a standoff

for stacking semiconductor die mounted over a PCB; and FIG. 6 illustrates a semiconductor die
mounted over a semiconductor package having base leads formed from a base substrate as a standoff
for stacking semiconductor die. Detailed Description of the Drawings The present invention is

described in one or more embodiments in the following description with reference to the figures, in which
like numétalsriprésertt thé8ame Giimildr &Bnfents IWhite - e EAtiGH is'dediciibaa frf teifits of the
best modetfer rehigvingrthe davantion:s epjegtives, it will be appreciated by those skilled in the art that it is
intended to cover alternatives, modifications, and equivalents as may be included within the spirit and
scope of the invention 58 Gefined bYHRE BpbERdEd CRIIMS ARIIRER eqiR/AREHS aB SUPPErtEa By the
following disclesure andddravingsa base Semicenrductasdevieesamogenerally santkacigred using two
complex manufact rin% glroc sses: front-end manufacturing and back-end manufacturing. Front-end
manufacttifiig FNVSIVES the formalish Bt & pIdrafity ot die b tAE Surface of a semiconductor wafer. Each
die on the wafer contains@ctige anthpassivesalectricahcomponertswhich ate etectricallycconaected to
form funcstignal elegtriggg%ircuétskécgv%glectricaﬁggrgpl?gegtés, %%33 tr?ng;%tors aglgediodes, have the
ability to control the flow of diectrical current. Passive elecirical componenf%, Suéh as capacitors,
inductorss vésistoes; @naltransiarmels fcreate a sekatibnshyp betweemaokage add eurrent necessary to
perform electrical circuit functions.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical

components, such as capacitors, inductors, resistors, and



Passive and active components are formed over the surface of the semiconductor wafer by a series of
process steps including doping, deposition, photolithography, etching, and planarization. Doping
introduces impurities into the semiconductor material by techniques such as ion implantation or thermal
diffusion. The doping process modifies the electrical conductivity of semiconductor material in active
devices, transforming the semiconductor material into an insulator, conductor, or dynamically changing

the semiddiititictoratetial Eordtictivity fPredboRSe to-Bn'efdctfic fieldoriise ctitert “Framsistors

contain regieas of ¥arying types and degrees ot-dapipg Ariangechasitecassary to enable the transistor to
promote or restrict the flow of electrical current upon the apEIication of the electric field or base current.

Active and passive compSifets at8 fortfad By layers SPmatetidls Fith UiffsrenPEREtrIdaF properties. The

layers canherformed hyra vardety of deposition technigues,detesminassingparphy thestype wof maaterial

being deposited. For example, thin film deposition may involve chemical vapor. deposition (CVD), physical
O 509 SIeaaly e By, e &

vapor depdsitish (BYDY EedolyfiChRtnG:aAd eldett DI Brokesses Edthiafiéis generally

patternecbticefiosmipartians, of activeicomponents, passiviengampanerds,orcelectiical connections between
components. . The Ia%grts canali)_elgatt%n d usin%ghcs)té)clziﬁho Srag@/ vv.hicf;involves the deposition

: duct
of light sesneswvceorrﬁailecna?,re.g., p%%%oreas | over rlelI%Lf/er to be pa ernedI.{ Alﬁngf &th is fransfefred from a

photomask to-thelphbitéresist asing ligiw. Tle podioprafdhe phototedisepattéra subjented talight is
removed ysing.a solyent, exposing narfians.pLibe.underlying layer 4o bs pagterned. Jhe remainder of the
photoreS|st IS removed, eaving behind a patterneg]?ayer. E ternatlvéiy, some types of materials are
patterned-by diéctiyndeoditivg therrateridl ifto thenareasicrlvoids foraedimsa paévious deposition/etch
process ysing techiyques, such as electroless,and plegirlylic RN o nauct or material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.
Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.
The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is

removed using a solvent, exposing portions of the underlying



Depositing a thin film of material over an existing pattern can exaggerate the underlying pattern and
create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and more
densely packed active and passive components. Planarization can be used to remove material from the
surface of the wafer and produce a uniformly flat surface. Planarization Involves polishing the surface of
the wafer with a polishing pad. An abrasive material and corrosive chemical are added to the surface of
the wafer'@difify pAlishing’ TheScdtibined ThécHdica 3dfidn of tHe gbra8REeHftfdsttosive action of the
chemicalremeves anydaegular tepography, gesuling dxna Lgifermly flat sueace.ively, Bagkeend
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for Studrdl Sipportandefvifortidniariomtioy. ToSiyulate 1€ AR tHe WafdiSs scored and
broken alpagaionsfunctionaltegionsof the waiericalled samestrests or seebasThe wafer is singulated
using a laser cutting to9| or saw blade. After singulation, the individual die are mounted over a package
substrate tHRP fctiddy SRS or RBRATE fads 3t IntercoHNelGH wWithOthaP systsn omporernts “Contact
pads formmed oventhetsemiconaductgr. die are then connected to contact pads within the package. The
electrical connections ¢an Q% madne with S oldner J{Jugnnpsd Ptlfrga?lém%lc%ndeuftiv% paste, or P/lvirebonds. An
encapsulant or other mo%llnglmalteﬁaﬁis eb05| ed over the pac]iage to %rovige pﬁi/ié‘lcallsﬂ)port and
electricalpsdlatiam Thenfirishexd packagecisehemn drsertedngtoart etectrical Systearard thenfumetionality of
the semiconductor-device is made available to the.other system compaonents.. FIG. 1 llustrates
eloconi HoIEb SO nae a i Sarfior s GG or brihiad Sroui Egard (PEB) S5 ¥ith & pllaty of
semiconductopackages eourted ondtsssuiaces Eeatronicdevice 50anmay flaye onettype of
semicondugtor package, opnuiltiple tynes qf semicondygtor packages, depending. g the application. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electroni¢ deviee50amay be & Braridedlone 3ysteny ttiteses the sémicohduétor hagkades®-perform one
or more glecticaliunetions. Allesalively, sledliprig;device S0.raay be gesurompanant pf aqarger
system. For example, electronic device 50 may be part of a cellular phone, personal digital assistant
(PDA), digiaividéd gaRrifa (DVC) 261 6thél eleBibRicicommification device. Alemiativély28Rctronic

device 5%3@@@%9@p@iwgc@ewrkﬂgeﬁa%ga%ﬂQ%Jﬂggéig_@a{pﬁ%qessmgecard that can be
Inserted into a.comPuter. The semiconductor package can Include microprocessors, memories,

applicatisi? infsgrafetGirctitd YASIE), ¥gié RitcGiRE halty EiRclits CREEreviits 2disdrete devices,

or other sgmicgadugtendiear elegticalcamponents oThe minigisization and.the weightgeduction are
essential for these products to be accepted by the market. The distance between semiconductor devices
must be 4ecrE888d Yo Adfiibve Wighr density. In FIG. 1, PCB 52 provides a general substrate for

structural support and sleelricahinterconnget-ofithe gemicendictey packagas maunted on the PCB.

Conductive signal traces 54 are formed over a surface or within layers of PCB 52
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted
over a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made

with solder bumps, stud bumps, conductive paste, or wirebonds.

An encapsulant or other molding material is deposited over the



using evaporation, electrolytic plating, electroless plating, screen printing, or other suitable metal
deposition process. Signal traces 54 provide for electrical communication between each of the
semiconductor packages, mounted components, and other external system components. Traces 54 also
provide power and ground connections to each of the semiconductor packages. In some
embodiments, a semiconductor device has two packaging levels. First Ie,veéltfapkaii%g is a technique for

mechani®sy s #felbttricaly AftachRy THE eemicriatitior HéltFafR ftermédiate®Carfier- Becond level

packagingravalves Rreshapicaliy gad electricallyattachingitherdntermediate akriar 40 the,PES. In other
embodiments, a semiconductor device may only have the first Ievelﬁ;l)ackaging where the die is

mechaniGalfy arielCbiichiy Rbuhted GiredthtoIRB BEBIUCTOr ESMhEDurFodE BFillustration, several
types of firstilevelpackaginténaluding wikeshend paskage=56 and flip chip 58, are shown on PCB 52.

Additionally, several types of secand level packaging, including ball grid array (BGA) 60, bump chip
carrier (BCC) 62, dual in-firie Ea&%gdés(ﬁﬁ?%i, %ﬁgcgtrfﬁogﬁgy edAf%G?r@wﬁ?l%é’rﬁB ?*ngblﬁléj(%OM) 68,
guad flat nenHeaded package: €QlEN) B0, iancdquad flabpackagers?, epe Bhown matihted on PCB 52.
Dependin u o:ﬂt e system requwegmengfs an%é:okr%blnatlonotl)lfnscerglcondl{c&tgr ga%l%aagceg, configured with

1 f{ (t') éemlCOl’l uctor G gef m ﬁ on 1% .
any combination of first and second level packaging styles, as well' as other electronic components, can

be connetied-torBCBS21dm someb@mbaedinhents, eleetranipaevicessinincludésa singlesatkached

semicondyctey package. while other embodiments.eall for mylile nteiconnested pagkages. BY
comblnlng one or more semiconductor packages over a single substrate, manufacturers can incorporate

pre-made pomponenistinto Eleetrolii€ tevices ardrsysterhs sBadausectthe tsemiverducterspacikages
'ndUdeSQHBQHm¥SdFIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The
semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. The miniaturization
and the weight reduction are essential for these products to be
accepted by the market. The distance between semiconductor
devices must be decreased to achieve higher density.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal

traces 54 are formed over a surface or within layers of PCB 52



functionality, electronic devices can be manufactured using cheaper components and a streamlined
manufacturing process. The resulting devices are less likely to fail and less expensive to manufacture
resulting in a lower cost for consumers. FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a lllustrates further detail of DIP 64 mounted on PCB 52. Semiconductor die 74 Includes an active
region containing analog or digital circuits Im(flemented as active deviceséCE%ssive devices, conductive

layers, and dfeGHé RYERS foriredSWithin TRe die-and Ard efeltrically fite o cletPacddrding to the

electrical gesigmoithetie.for examplacthegircuiimay ineslude ore ekmMore frapsistarssdiodes,
inductors, capacitors, resistors, and other circuit elements formed within the active re%ion of
15

semicondudiordie 7 €ohtad g 76 SreféHe 6 oke tdyRts GPEBIEUCHOE hiateRET BGER as aluminum
(Al), coppet(Cu); tinH{Sn}ancked (N cgeld (Au)icrsiver (Aginard arglesirically coanected to the circuit
elements formed within semiconductor die 74. During assembl of%DIP 4, semiconductor die 74 is
mounted OVaF an TAterhadiate &5riel 78 UERTS 8 gotd-silicon ettectic 18yet ridhésive hatEral such as
thermal epoxy or @poxy cesinethe package bodyhInciudescarsmsillative packaging chateeal. such as
polymer or ceramic. C%nductor lead 8g and v%/ire bonds 82Cprovidetelectgcal .Inter%onnect between
semiconductor die 74 and PCB 52, r?calpné%?an? 84°s %I%I%si?éléj over the p%%kESe S environmental
protectiop dykxreuentingameisture ahdrpartitlesdion @nteringithe ipackage andicomtammmating die 74 or

wire bonds 8%. . fIG.Z IIIL@tr tesfurtf r detail of BCC thounted on PCB 52. Semiconductor
1 h

tie a0 0 et ot L e o A e A ond, 04

provide fiest level packdgingdnterconiract befiveem¢ohtact pads 96aridh98.IMuldingesompound or

encapsulant 1,00 is dapgsited over semygonductor die 88,and wirg bonds 9410 prayige physical support

and electrical isolation for the device. Contact pads 102 are formed over a surface of PCB 52 using a
suitable rhetal depB8S&ilion pidcessistichsagosidereiptic plating or eletrbledsoplating ¢ prevant oxidation.

Contact pagis L0531 electrieally conareled fo,0ng. o faote ORdUtive sigpaligaces 54 in PCB 52.
Bumps 104 are formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52.
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. 1In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated
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In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flip chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits
implemented as active devices, passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit elements within active region 108.

SemicondUatoF dier5e isdlectritafF ard hedhanicay coffedtedtd eakfer 106 throtiyH Bumps 110.
BGA 60 isielegtdeallyacbmeshanisally gornectechia RESB b2 Mmith-a BGA stylesecanddevehpackaging
using bumps 112, Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 throudH Bimps 19056/ ined £14, i dumips 115°A Mditirtf Compaind SPERSAp&uldrit 116 is
depositechorerrsernicondueton Uiei nd and carrerwkd6 todprovieephysicahsuppart and electrical isolation
for the device. The flip chip semicopnductor device provides a short electrical condtﬁgtion ath from the
aciive devices on semiOTAUCIORdie 58 5 CordidliBn Hracks SR CB B2 Th GrdBF to fédice signal
propagationdistance | lower capacitance; and impraveloveralb tircuit perfarmanteo tn ansthes .

embodimgnI% itgg sgmé%oq:duiﬁoer dﬁ 5%1(:C t()j% gnecgagié:@l% gngeelectric%ll & ogplnected %irrlecf%/ to PCB 52
using flip c%lp sty?e first feve packaging wi houtintermediate carriet 106. HE735'shows a
semiconductoriwafes 120withia hasérsubstratetmaterial 422, suchias sitieen, geramimmem, gallium

arsenide, indium hosphi%e, r.silicop carbide, for tgjctLiral support. A glural;;% ofg miconguctor die or
d / p j t

componen?sv ﬁf |gs focrr%% uocn water 182\6e§espar§t%%sbylseav$ %treétcs 1E286y arssdesc]ﬁ eda %)ve.ln FIG.

3b shows aerassssectibnal eiendofcd potioh lof senfiegrducteravafér 4200Eddh gefricaritiictor die 124

has a back surface. 128 and an active surfage 130 conaining analog of digital cirquits jmplemented as

active devices, passive devices, conductive layers, and dielectric layers formed within the die and
electricaliniateréonrastted aceording-toathe edéctiical désigteand furdtion of the dirb Foi erample, the

circuit mayingluds, ane armoxe frapsistors.diedes, and.ethet girguitielemants farmed withip active
surface 130 to implement analog circuits or digital circuits, such as digital signal processor (DSP), ASIC,
memory, o7 DY signdl Précessing eirclitl Semiéondctdridie 1 Remay dfscésntarrintEgraetassive

devices (IRDe). such as dpduciersy capacitors.and esistorss fo R signal processingpper AN
electrically conductive layer 132 is formed over active surface 130 using PVD, CVD, electrolytic plating,

electroles<SHiating process) or Bther litdblé ImetaPdepdsition pficeds EeRdUERE 1afé 13X Ean be one

or more layerstof Ala@ly, SBolNh L A9, 06 other suitableielectricaly eanductive aateriak Conductive
layer 132 operates as contact pads electrically connected to the circuits on active surface 130. Bumps

134 are fofifléd SR Eontact pads 132: In BHE EhtbatfimeRhtly of DIP 64, semiconductor

die 74 is mounted over an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire

bonds 94 provide first level packaging interconnect between
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semiconductor die 124 is a flipchip type semiconductor die. In FIG. 3c, semiconductor wafer 120
is singulated through saw street 126 using saw blade or laser cutting tool 136 into individual
semiconductor die 124. Each semiconductor die 124 has bumps 134 formed over contact pads 132.
FIGs. 4a-4] lllustrate, in relation to FIGs. 1 and 2a-2c, a process of forming a plurality of base leads from
a base substrate as a standoff for stacking semiconductor die. FIG. 4a shows a wafer-level base

substrate“6rieadfram@ 40’ Cotamintt Cu, Boldibys, ACBPBtHT stftablRONEREHE material SBase
substrate; 14 bas sdrface 142 andapnosite surface 144. Waferlevel baseisubsirate 140 hassufficient
area to process multiple semiconductor die, as described below. In FIG. 4b, an electrically
conductive a5 146 TRIPEl GUT SGMSEE 145 Bf bhSE Substrae 40 &hE afl®iedifically conductive
layer 148&isH{eumed pyerssurtacesl44 obhaseisubstitate 140 usingpatterno® ard as electeplytic plating or
electroless plati rocess. Conductive layers 146 and 148 can be one or more Jayers of Al, Cu, Sn, Ni,
AU, Ag, of SIFé SLtaie ECHICERy CorUCE Hrateriar 1 nd BratoHment CohduENve Hygrs 146 and
148 eachoeortaindAu,Ag, 0t qthertdtoh-resistant materialxaria preplateddeadiramedAgsP RPE plating).
Conductive Iayeeﬁe %@JE_} land 48 operate as gog%act Egds for later mounct{%g: gemiconductolr die or

ar ca onnec or , more con ivye S a
Interconnéct structures. such-asbumps. FIG: 48'shows a pfanview of conddctive layer 146 as

formed oversurfacedl 4 obPb&se gubstiated401 CoHnduetivedayerd146 inchade sccoritacttpadsiAba,

contact pggls 146% en% £edisgibutiorﬁ Iacyer égR?L) }?gc goe@gt gads 146a, RDL 146¢, and contact pads
146b are e e(?tﬁca%/ continuous over surfade 142 of base substrate 140. An RDL can also be formed on

active surface 130 of sémi@&ﬁjugf@rrdi@ dipicSorhectontactipadssl46h haverhedofresponding RDL. FIG.
4d shows g plan view.of condugtive layer 148 gg;formed pyer surface 144, i base gubstraje 140.

Conductive layer 148 Includes contact pads formed on surface 144 of baSe substrate 140 directly
opposite Boataet pads 146aohvsurfaegilp. 108 of semiconductor die 58 contains

analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall

circuit performance. In another embodiment, the semiconductor
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In FIGs. 4e-4f, semiconductor die 124 from FIGs. 3a-3c are positioned over and mounted to conductive
layer 146 over surface 142 of base substrate 140 using a pick and place operation. More specifically,
bumps 134 are metallurgically and electrically connected to certain portions of conductive layer 146, i.e.,
contact pads 146b, depending on the electrical function of semiconductor die 124. In FIG. 49, an
encapsulant or molding compound 150 is deposited over semiconductor die 124 and base substrate 140
using a paste prntfief} cBmMprEsSive Motding, FansferAfolding Algtid EREASStT& rAdaffal Yacuum
laminatiopospinroating samefhen syitaiie applicater. £neapsulant 150 £ar heipelymet cemposite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. In one
embodimje%,eéﬂ%%é)éﬁl ht 56 ‘7518ép&st%t%d as a mold underfill (MUF) covering base substrate 140 and a
top and side surface ofrsemiceadydetow diea]l Zrasawelias the atearbetween the semicendustor die and
base substrate. The MUF can, use a sjde injection with gpposite side vacyum assisted draw molding
apparatu§ 16 e5hiprételFiiftha ei g twgé‘nc emiconduttor die 54 Bhd base stibstraté"140.
Encapsulans 250 de nonscohductivecanc edwforvnentally protectsithe semidenductardemicesfrom external
elements and contaminants. .. _In EIG. 4h, a portion of base substrate 140 is remoyed by an etching
process {0 form re?éctri%alﬁﬁl%%%elcf EﬁaéjefJ Iesé%lgjl%gé(-gfﬁbo6et%vle%nogpp%%ﬂ?goggﬁlatuscti\?/é‘znllaylegrs 146a and
148. ThefAg/REF plating haturé 29 corguctiveddyérg 1zkovard 148 issrekisiantde the etchifigprocess. The
etchant reacts more aggressively in removing material within base substrate 140 than with conductive
layers 14% and 148. Consequently, a central portion base substrate 140, 1.e., under conductive layer
146b and 146c, is remévéd bétausecthere sy eppesing tonddctivedayert148.0khetcentrab portion of
base substrate. 140, s reseryed-as.an apea for a.suhsepuently stacked semicondugtar die; The portion of
base substrate 140 between opposing etch-resistant conductive layers 146a and 148 remains as
electricalfrisdlatsd base kadsa0act40ksfos zrdirsttion e rtical itereongieet Tovuetive layer 146b and
146c alsoremainipattially.embedded and expgsed frony encapsulant 150 after the etehing pracess.

FIG. 41 shows a semiconductor dié 152 with active surface 154 containing analog or digital circuits
ImplemeftedEscactive devicdss passide devikes tedrituktive Tayers rarmidigidcticayers fdrmed within
the die and glectrically intetagnnected aceardingdq the elactrical designand.function of the die. For
example, the circuit may Include one or more transistors, diodes, and other circuit elements formed within
active suffaéé 48428Implerréritdnatdy EircLits ér digita ciretir@Bteh ds"BSPL ASIE tnigdory, or other

signal pracessing:cirsuit. Semicenducterndie 462y alsacantain iR Ds; sueh as tadugtors, capacitors,
and resistors, for RF signal processing. In one embodiment, semiconductor die 152 is a flipchip type

semiconfu@BEdiE SCORIERE Palid 186 ar8 Forhved SHAtRTE strtdcd 254 BRUBIECHcARAdShected to the
circuits op the active surface; A plurality ef bumpsskbdis fernied;over cantaetynads i Saeiconductor

die 152 is a tested known good unit , , , ,
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive
devices (IPDs), such as inductors, capacitors, and resistors,
for RF signal processing.

An electrically conductive layer 132 is formed over
active surface 130 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 132 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 132 operates as contact pads

electrically connected to the circuits on active surface 130.

Bumps 134 are formed on contact pads 132. In one embodiment,
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(KGU). Semiconductor die 152 is mounted over conductive layer 146b, as show in FIG. 4]. More
specifically, bumps 158 are metallurgically and electrically connected to conductive layer 146b. Some
bumps 158 are electrically connected to portions of conductive layer 146b common to bumps 134. Base
leads 140a-140b provide vertical electrical connection for semiconductor die 124 and 152, as well as a
vertical standoff or headroom for clearance of semiconductor die 152 as the height of base leads

140a-14015R g8 2t Trat athickness dfsemitonBrttoPdieYis2 ST bERTHSUEE Tn Ah6ther embodiment,

a discrete semiconductaf componen) ok SeNICNGILEtas Pagkage can heimodnteghover gnductive layer
146b. Wafer-level base substrate 140 is singulated through encapsulant 150 glggg saw blade or
r

laser cuttily f0o¥ b S&Parate e semitoHddd8r GR"ard provide indiifial eibedded 1Rl ball grid
array (eWIB), waierilevelehip sealepackage {WLECSP), and quaddiat pack nenlead { QFNJ isemiconductor
packages 160 for fljegher inte rgti%n. Witgin semiconductogpacléa eé 0, semiconductor die 124 is
electrically’contected {0 5ase 16ads 1468- 120b ard Edntiuictive a%e]r 46 and 148. That is, bumps 134
are bonded to one sideraf;eantaet-plagdsi 1460 tSemicpnductoe dietizthistelectrically donnettethto an

opposite gide of contact gads 514{3& Accordin%%x,us%rrie gontagt ads 1f6b &are common %oag%mps 134 and
s

bumps 1 8.’ Other contact pg 26b can be &iec rlcaﬁy donnected fo eﬁﬁersbumplsn1§4 on one side of

the contastipad or bamps 58 oa thie othef sidestfathe icontactpado RAnthiose cbikact pads .146b common

to both bumps 134 %rg%gur_nf)s A58 %haeseleg'{g%:gjcgg hebe(;[\évefn és,gg}_jcorédulc&%r die ],ngfi%nldnlSZ is short,
which enRances electrlcafper ormance. Conductive layers 146 an 128 contain etch resistant material, so
the etchifig.préoessltbaremovielbasersulistate $40 tedves vahing elettricatly isolated basédeads

140a-14Q8, Base Jeads 1401400, provide vegtical glectical copnectiandor semicondugtor die 124 and

152, as well as a vertical standoff or headroom for clearance of semiconductor die 152 as the height of
base leadsY40a2268 is gherteethanlathidkdess of Semicorduzitraid Q5REmEEsUIMpst 168 rBase leads

140a-140h.alsa sefve-as hegt dissipation paths for semicgnductor die 124 and 152. The vertical

interconnection of semiconductor die 124 and 152 can be achieved in a cost effective manner.

FIG. 5 shows another émbbdimerftdf semi€difdiictiorisalckage ABAY similer té FYSS. 44-4], ith
semicondustey.die 152, meunted back surtace L 65toLncapsylant 150 and.congductive layer 146b and

146c¢ with die attach adhesive 166. Semiconductor package 164 is mounted over PCB 168. Conductive
layer 1485i$¥FecricAN corfrreetetrthtoifgh BASE lehdls 140alPATIRfd CoiftactHdseEro fotthedlover PCB

168. Bumpss158 araselestrically gonnectgd fa contact Rads 442 fermadeverAGB 168 1at ing
or electroless plating process. Conductive layers 146 and 148
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. In one embodiment,
conductive layers 146 and 148 each contain Au, Ag, or other
etch-resistant material on a preplated leadframe (Ag/PPF
plating). Conductive layers 146 and 148 operate as contact pads
for later mounted semiconductor die or interconnect structures,
such as bumps.

FIG. 4c shows a plan view of conductive layer 146 as
formed over surface 142 of base substrate 140. Conductive layer
146 includes contact pads 146a, contact pads 146b, and
redistribution layer (RDL) 146c. Contact pads 146a, RDL 1l46¢c,
and contact pads 146b are electrically continuous over surface

142 of base substrate 140. An RDL can also be formed on active
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FIG. 6 shows another embodiment of semiconductor package 174, similar to FIGs. 4a-4], with a plurality
of vias formed through semiconductor die 124 while in wafer form, see FIGs. 3a-3c, using laser drilling,
mechanical drilling, or deep reactive ion etching (DRIE). The vias are filled with Al, Cu, Sn, Ni, Au, Ag,
titanium (li), tungsten (W), poly-silicon, or other suitable electrically conductive material using electrolytic
plating, electroless plating process, or other suitable metal deposition process to form z-direction vertical

conductiveht6Ggh sifiCor? ViaS SIS ERtapetiiant 50 is8rarZduhaith aljtititlet 46%n to back

surface 1Z8wef semieorducipiotie 24 teraxpose conduetivenb&Y 1S Aesericenduetor die 176 has

active surface 178 containing analog or digital circuits implemented as active devices, passive devices,

conductive B Bha diééttricia er@sfoﬂgrﬁéﬁlﬁﬁth%vﬁfé di8ahdEedticalRfinkd#&6nnected according to

the electrieab designeandifunction ofithecdiee Forgxamples theneilcidmay drclude opads more transistors,

diodes, and other circuit elements f%frmeig %ithin acti¥je surface é%: to impIen‘;Lent analog.circuits or digital
0

circuits, SUCh'SSDEP, ASIE2 Hentory, 8f othe? SighaProcassing tirctit - S&micondtRT His 176 may also

contain IRBsjsuch as ikluctrs, capacitolss andresistors, for RF signal processing. In one embodiment,

semiconductor die 176.is a flipchip type semiconductor die. Contact ?d 0 are formed.on active
surface 178 and electrll(J:%I?; ggﬁ’ﬁec )é% %c? thesgilpclucft%no%uﬁe%oé:ctf\]{/éesﬂ a%se].f?iop uraﬁ%sdf b3ua}ng’scl84 is

formed owerconiadttpads=t8 &emicodducton diedl Z®isstackertaver seayieonduciorodierl 24 with bumps
184 eIectricaI%y conne ed fo onductive ISV 175. 4 While one Q[ mor enlbodiments of the present
invention have been iﬁést?ate i %etséllﬁﬁw%er JtI?edl ar%islérsll\/{/}ﬁ[ a%ppelc?ateatﬁgt fhodifications and
adaptatiorsao ahioseembddimeste snay be adde withoutsdepstting fronetheldoopeicfahe preseht

inVenﬂOQQ§§§§Jgggfl9“%%N8QggkﬁaHQ§Certain portions of conductive layer

146, i.e., contact pads 146b, depending on the electrical
function of semiconductor die 124.

In FIG. 4g, an encapsulant or molding compound 150 is
deposited over semiconductor die 124 and base substrate 140
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 150 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler. In one
embodiment, encapsulant 150 is deposited as a mold underfill
(MUF') covering base substrate 140 and a top and side surface of
semiconductor die 124, as well as the area between the
semiconductor die and base substrate. The MUF can use a side
injection with opposite side vacuum assisted draw molding
apparatus to completely fill the area between semiconductor die
124 and base substrate 140. Encapsulant 150 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 4h, a portion of base substrate 140 is removed

by an etching process to form electrically isolated base leads
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a base
substrate including first and second opposing surfaces; forming a first etch-resistant conductive layer
over the first surface of the base substrate; forming a second etch-resistant conductive layer over the
second surface of the base substrate; providing a first semiconductor die including a plurality of

bumps formed over contact pads on an active surface of the first semiconductor die;
140a-140b between opposing conductive layers 146a and 148. The

Ag/PPF plating nature of conductive layers 146 and 148 is
resistant to the etching process. The etchant reacts more
aggressively in removing material within base substrate 140 than
with conductive layers 146 and 148. Consequently, a central
portion base substrate 140, i.e., under conductive layer 146b
and 146c, is removed because there is no opposing conductive
layer 148. The central portion of base substrate 140 1is
reserved as an area for a subsequently stacked semiconductor
die. The portion of base substrate 140 between opposing etch-
resistant conductive layers 146a and 148 remains as electrically
isolated base leads 140a-140b for z-direction vertical
interconnect. Conductive layer 146b and 146c also remain
partially embedded and exposed from encapsulant 150 after the
etching process.

FIG. 4i shows a semiconductor die 152 with active
surface 154 containing analog or digital circuits implemented as
active devices, passive devices, conductive layers, and
dielectric layers formed within the die and electrically
interconnected according to the electrical design and function
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
active surface 154 to implement analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing
circuit. Semiconductor die 152 may also contain IPDs, such as
inductors, capacitors, and resistors, for RF signal processing.
In one embodiment, semiconductor die 152 is a flipchip type
semiconductor die. Contact pads 156 are formed on active
surface 154 and electrically connected to the circuits on the
active surface. A plurality of bumps 158 is formed over contact

pads 156. Semiconductor die 152 is a tested known good unit

-16-



disposing the first semiconductor die on the base substrate with the bumps bonded to a first surface of
the first etch-resistant conductive layer; depositing an encapsulant over the first semiconductor die
and base substrate; removing a portion of the base substrate to form electrically isolated base leads
between opposing portions of the first etch-resistant conductive layer and second etch-resistant
conductive layer; and disposing a second semiconductor die on the encapsulant and a second
surface of first etch-resistant conductive layer between the base leads. 2. The method of claim 1,

wherein a height of theshase-leads i greatarthap a thickness o& the:seGoneoseicenedctor dier
146b, as show in FIG. 4j. More specifically, bumps 158 are
metallurgically and electrically connected to conductive layer
146b. Some bumps 158 are electrically connected to portions of
conductive layer 146b common to bumps 134. Base leads 140a-140Db
provide vertical electrical connection for semiconductor die 124
and 152, as well as a vertical standoff or headroom for
clearance of semiconductor die 152 as the height of base leads
140a-140b is greater than a thickness of semiconductor die 152
and bumps 158. In another embodiment, a discrete semiconductor
component or semiconductor package can be mounted over
conductive layer 146Db.

Wafer—-level base substrate 140 is singulated through
encapsulant 150 using saw blade or laser cutting tool to
separate the semiconductor die and provide individual embedded
wafer-level ball grid array (eWLB), wafer level chip scale
package (WLCSP), and quad flat pack no-load (QFN) semiconductor
packages 160 for further integration. Within semiconductor
package 160, semiconductor die 124 is electrically connected to
base leads 140a-140b and conductive layers 146 and 148. That
is, bumps 134 are bonded to one side of contact pads 146Db.
Semiconductor die 152 is electrically connected to an opposite
side of contact pads 146b. Accordingly, some contact pads 146b
are common to bumps 134 and bumps 158. Other contact pads 146Db
can be electrically connected to either bumps 134 on one side of
the contact pad or bumps 158 on the other side of the contact
pad. For those contact pads 146b common to both bumps 134 and
bumps 158, the electrical path between semiconductor die 124 and
152 is short, which enhances electrical performance. Conductive

layers 146 and 148 contain etch resistant material, so the
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semiconductor die over the first semiconductor die. 4. The method of claim 1, wherein the first
etch-resistant conductive layer includes a first contact pad, redistribution Layer, and second contact pad.
5. The method of claim 1, further including depositing the encapsulant using a mold underfill process. 6. A
method of making a semiconductor device, comprising: providing a base substrate including first and
second opgosing surfaces; forming a first conductive layer over the first surface of the base substrate;

forming & GNRICHTE IdyRr DVBPIfe REDRdBUALEDF the Bse SabsFates 1 nd
electrically isolated base leads 140a-140b. Base leads 140a-

140b provide vertical electrical connection for semiconductor
die 124 and 152, as well as a vertical standoff or headroom for
clearance of semiconductor die 152 as the height of base leads
140a-140b is greater than a thickness of semiconductor die 152
and bumps 158. Base leads 140a-140b also serve as heat
dissipation paths for semiconductor die 124 and 152. The
vertical interconnection of semiconductor die 124 and 152 can be
achieved in a cost effective manner.

FIG. 5 shows another embodiment of semiconductor
package 164, similar to FIGs. 4a-4j, with semiconductor die 152
mounted back surface 165 to encapsulant 150 and conductive layer
146b and 146c with die attach adhesive 166. Semiconductor
package 164 is mounted over PCB 168. Conductive layer 148 is
electrically connected through base leads 140a-140b to contact
pads 170 formed over PCB 168. Bumps 158 are electrically
connected to contact pads 172 formed over PCB 168.

FIG. 6 shows another embodiment of semiconductor
package 174, similar to FIGs. 4a-4j, with a plurality of vias
formed through semiconductor die 124 while in wafer form, see
FIGs. 3a-3c, using laser drilling, mechanical drilling, or deep
reactive ion etching (DRIE). The vias are filled with Al, Cu,
Sn, Ni, Au, Ag, titanium (Ti), tungsten (W), poly-silicon, or
other suitable electrically conductive material using
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form z-direction vertical
conductive through silicon vias (TSV) 175. Encapsulant 150 is
planarized with a grinder down to back surface 128 of
semiconductor die 124 to expose conductive TSV 175.

A semiconductor die 176 has active surface 178
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disposing a first semiconductor die on the first conductive layer over the base substrate; depositing an
encapsulant over the first semiconductor die and base substrate; removing a portion of the base
substrate to form electrically isolated base leads between opposing portions of the first conductive layer
and second conductive layer; and disposing a second semiconductor die on the encapsulant and first

conductive layer between the base leads. 7. The method of claim 6, wherein the first conductive layer
Indudesﬁﬁ%%ﬂiﬂ%ﬁ&aﬁpﬁéﬂﬁkﬂF digital circuits implemented as active

devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
178 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 176 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing. In one
embodiment, semiconductor die 176 is a flipchip type
semiconductor die. Contact pads 180 are formed on active
surface 178 and electrically connected to the circuits on the
active surface. A plurality of bumps 184 is formed over contact
pads 180. Semiconductor die 176 is stacked over semiconductor
die 124 with bumps 184 electrically connected to conductive TSV
175.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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Includes an etch-resistant material. 9. The method of claim 6, wherein a height of the base leads is
greater than a thickness of the second semiconductor die. 10. The method of claim 6, wherein the first
semiconductor die and second semiconductor die are electrically connected to opposite sides of a portion
of the first conductive layer. 11. The method of claim 6, further including disposing a third semiconductor
die over the first semiconductor die. 12. The method of claim 6, further including: forming a plurality of
conductive vias through the first semiconductor die; and

Claims

What is claimed:

1. A method of making a semiconductor device, comprising:

providing a base substrate including first and second
opposing surfaces;

forming a first etch-resistant conductive layer over the
first surface of the base substrate;

forming a second etch-resistant conductive layer over the
second surface of the base substrate;

providing a first semiconductor die including a plurality
of bumps formed over contact pads on an active surface of the
first semiconductor die;

disposing the first semiconductor die on the base
substrate with the bumps bonded to a first surface of the first
etch-resistant conductive layer;

depositing an encapsulant over the first semiconductor die
and base substrate;

removing a portion of the base substrate to form
electrically isolated base leads between opposing portions of
the first etch-resistant conductive layer and second etch-
resistant conductive layer; and

disposing a second semiconductor die on the encapsulant and
a second surface of the first etch-resistant conductive layer

between the base leads.

2. The method of claim 1, wherein a height of the base leads

is greater than a thickness of the second semiconductor die.
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disposing a third semiconductor die over the first semiconductor die electrically connected to the
conductive vias. 13. The method of claim 6, further including depositing the encapsulant using a mold
underfill process. 14. A method of making a semiconductor device, comprising: providing a base
substrate including first and second opposing surfaces; forming a first conductive layer over the first
surface of the base substrate; forming a second conductive layer over the second surface of the base
substrate; disposing a first semiconductor die on the first conductive

3. The method of claim 1, further including disposing a third

semiconductor die over the first semiconductor die.

4. The method of claim 1, wherein the first etch-resistant
conductive layer includes a first contact pad, redistribution

layer, and second contact pad.

5. The method of claim 1, further including depositing the

encapsulant using a mold underfill process.

6. A method of making a semiconductor device, comprising:

providing a base substrate including first and second
opposing surfaces;

forming a first conductive layer over the first surface of
the base substrate;

forming a second conductive layer over the second surface
of the base substrate;

disposing a first semiconductor die on the first conductive
layer over the base substrate;

depositing an encapsulant over the first semiconductor die
and base substrate;

removing a portion of the base substrate to form
electrically isolated base leads between opposing portions of
the first conductive layer and second conductive layer; and

disposing a second semiconductor die on the encapsulant and

first conductive layer between the base leads.

7. The method of claim 6, wherein the first conductive layer

includes an etch-resistant material.
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layer over the base substrate; depositing an encapsulant over the first semiconductor die and base
substrate; removing a portion of the base substrate to form electrically isolated base leads between
the first conductive layer and second conductive layer; and disposing a second semiconductor die on
the encapsulant and first conductive layer between the base leads. 15. The method of claim 14, wherein
the first semiconductor die and second semiconductor die are electrically connected to opposite sides of a
portion of the first conductive layer.

8. The method of claim 6, wherein the second conductive layer

includes an etch-resistant material.

9. The method of claim 6, wherein a height of the base leads

is greater than a thickness of the second semiconductor die.

10. The method of claim 6, wherein the first semiconductor die
and second semiconductor die are electrically connected to

opposite sides of a portion of the first conductive layer.

11. The method of claim 6, further including disposing a third

semiconductor die over the first semiconductor die.

12. The method of claim 6, further including:

forming a plurality of conductive vias through the first
semiconductor die; and

disposing a third semiconductor die over the first

semiconductor die electrically connected to the conductive vias.

13. The method of claim 6, further including depositing the

encapsulant using a mold underfill process.

14. A method of making a semiconductor device, comprising:

providing a base substrate including first and second
opposing surfaces;

forming a first conductive layer over the first surface of
the base substrate;

forming a second conductive layer over the second surface
of the base substrate;

disposing a first semiconductor die on the first conductive
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16. The method of claim 14, wherein a height of the base leads is greater than a thickness of the second
semiconductor die.

layer over the base substrate;

depositing an encapsulant over the first semiconductor die
and base substrate;

removing a portion of the base substrate to form
electrically isolated base leads between the first conductive
layer and second conductive layer; and

disposing a second semiconductor die on the encapsulant and

first conductive layer between the base leads.
15. The method of claim 14, wherein the first semiconductor die
and second semiconductor die are electrically connected to

opposite sides of a portion of the first conductive layer.

16. The method of claim 14, wherein a height of the base leads

is greater than a thickness of the second semiconductor die.
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